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ABSTRACT 




An Extravehicular Mobility Unit (EMU) Design Review was 
held at MSC on November 14 to assess the adequacy of the design 
criteria, checkout procedures, and operational requirements of 
the EMU in the performance of the Apollo LOR mission. 


Of the twenty-nine items submitted for Board review, 
fifteen had action deferred pending further study. Subsequent 
reviews on December 9 and 16, have reduced the number, of open items 
to nine. 


Significant areas of discussion were the following: 


1. An update of lunar surface design criteria 
is needed. 

2. Pacing items in suit development are the 
communications cap, extravehicular visor and 
thermal gloves. 

3 . EVA go/no-go conditions are not established. 

4. Constraints on checkout and operations result 
from specific requirements for both pressurized 
and unpressurized LM cabin environments. 

5. The provision of one PLSS for undocked transfer be- 
tween the CM and LM is unacceptable from a crew 
safety standpoint. 

6. The MSC recommended design criterion for total 
suit pressure is now 3*8 + 0.1 psia. 

7 . The requirements and capabilities for voice communi 
cations and telemetry for two crewman performing 
simultaneous EVA requires re-evaluation. 
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MEMORANDUM FOR FILE 


An Extravehicular Mobility Unit (EMU) Design Review 
was held at MSC, November 14, 1966 . 

The purpose of this review was to assess the adequacy 
of the design criteria, checkout procedures, and operational 
requirements of the EMU in the performance of the Apollo LOR 
Mission. 

The review board consisted of the following MSC 

personnel : 

Mr. J. A. Chamberlin (EA2) Chairman 
Mr. J. V. Correale (EC) 

Mr. W. C. Kincaide (EC9) 

Mr. J. P. Loftus (PM5) 

Mr. J. Young (CB) 


Attachment A is a list of attendees. It is understood 
by the author that this is the first formal Block II suit review 
attended by astronaut representatives. 

The following reports cover information used during 
the review for design evaluation: 

1. EMU Stowage in CM 

2. EMU Design Criteria 

3. EMU Theory of Operation and Schematics 

4. EMU Checkout Procedures 

5. EMU Modifications In-Process 
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These reports and the current status of Review Item Dispositions 
(RID's) generated at the meeting are available from the writer. 

A total of twenty-nine (29) RID's were submitted for 
review board action. Of these, action on fifteen (15) was deferred 
pending additional study. The latest suspense date for completion 
of the various position papers was December 6 , 1966. 

Two additional reviews were held December 9th and l 6 th 
at MSC. As a result of these reviews, action on nine (9) open 
items has been deferred pending receipt of additional information. 

The following areas of discussion are felt to have special 
significance: 

1. An update of lunar surface design criteria is required 
by CSD (to include the scientific experiments for the 
lunar EVA mission) in order to fully assess EMU per- 
formance sensitivities or mission constraints. ASPO 
is recommending a maximum sun angle of 48° and crater 
dimensions of 8-12:1 (diameter to depth) for the LOR 
mission. 

2. The EMU flight configuration is Type A 6 L. The pacing 
items in suit development are the communications cap 
and the extravehicular visor. MIT has reported on the 
feasibility of using the Gemini EVA visor with the 
navigation optics for Apollo. Their preliminary report 
states : 

(a) Transmissibility would be reduced from 80 percent 
(Apollo visor) to 60 percent (Gemini visor). The 
effect would be to decrease the number of stars 
visible by one-third and the degree of brightness 
by one-half magnitude. 

(b) Backscatter would be increased. 

(c) The Apollo optical system is considered marginal 
and any further degradation would be considered 
serious . 

In addition, the crew has expressed dissatisfaction 
with thermal glove development. 

3* EVA go/no-go conditions are not established. For example, 
no decision has been reached on a go/no-go ground rule 
for loss of telemetry. 

4. If LM cabin pressure is lost while landing, EVA will 
not be possible as the astronaut cannot change from 
intravehicular to extravehicular gloves. 
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5- The astronauts have requested procedures be established 
to avoid breaking any suit connections in a vacuum. 
Connection to a Portable Life Support System (PLSS) in 
a pressurized cabin introduces a time constraint for LM 
depressurization due to thermal reasons. The PLSS 
sublimator will not function above 0.5 psia cabin 
pressure and it is estimated that 

(a) the LM ECS oxygen stream will approach 250°F after 
five minutes due to the LiOH reaction, and 

(b) the PLSS communications equipment will approach a 
critical temperature of 130°F (the temperature at 
which internal shorts may develop) in about 10 
minutes . 

A new procedure for connecting to the PLSS was pro- 
posed. It is to be evaluated at Grumman December 19-20, 
1966. 

6. Current plans for using one PLSS and one Emergency 
Oxygen System (EOS) to effect an undocked transfer 
between the CM and LM are not acceptable to the astro- 
nauts. An ASPO/EVA panel will be convened to consider 
this problem in detail. 

7. The MSC design criteria for suit total pressure will - - 
be 3*8 +0.1. Current design criteria require a total 
pressure of 3*75 +0.25 psia.* The NASA Headquarters 
position was that minimum partial pressure of oxygen 
should not be less than 180 mm Hg, which, with other 
pressure criteria (e.g., COp, pHpO) remaining the same, 
would require raising total suit pressure to approxi- 
mately 205 mm Hg (3*97 psi). MSC expressed concern 
that reduced mobility and pressure regulator design 
impact would result if suit pressure were established 
at this level. 

8. A need was indicated for assessing the communications 
requirements and existing capabilities of the EMU for 
two crewmen out simultaneously (refer to Item 16). 

Based on existing hardware constraints, the Flight 
Operations Division requires continuous telemetry from 
one of two EVA astronauts, duplex voice communications 
between the two EVA crewmen, and duplex voice communicat 
ing between one crewman and the MSFN at all times. The 
Directorate of Medical Operations (MSC) has specified 


£ 

MSC Master End Item Specification CSD-A- 096 , dated January 1 
1966, Performance Design and Product Configuration Requirements, 
Extravehicular Mobility Unit for Apollo Block II Missions. 
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minimum biomedical monitoring requirements as full time 
telemetry of one lead of electrocardiogram (EKG) data 
and two-way voice communication with earth from both 
EVA astronauts simultaneously. 
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